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A dil traction grating pnniJing an optically variable imago includes a pixcllatcd 

dilfraclion grating in which each pixel is an individual optieal dilTraetion grating so that 

• the pixellaled diffraction grating when illuminated generates an optically variable image. 

In another aspect the grating in some or all of ihc pixels of a diffracting grating formed 

by a regular matrix of pixels is arranged such that a reproduction of the grating by 

reflection contact printing gencratcsia zero-^cr pattc^ which is grossly flawed by Moire 

or Talbot fringe effects, A method of forming the diffraction grating includes producing 

a counterpart pixcllatcd diffraction grating of a substantially optically invariable image 

wherein each pixel of the optically invariable image is mapped to a respective pixel of 

the pixcllatcd diffraction grating. Ilach grating pixel is an individual optical diffraction 

grating of the associated pixel in the optically invariable image, so llial the pixcllatcd 

diffraction grating when illuminated generates an optically variable reproduction of the 

optically invariable image. 
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The following statement is a full description of this invention, including the best 
method of performing it known to me/us: 



DIM^ACTIOV GR VTIVG AND MTHHOn iW M VNl FACTrUI 



I'iclJ.of the lnvcnn?n 

This invention relates to diffraction gratings and to their rrianufac* u: e a: 
ir, parLicLilar provides (iiffrnction gratings v.tiich may bn adaptcci for anphccitir 
as security rir\'iL'cs. for example, in cunrcno.' roles and credit cards. 

D:ifki:i'?unO Art 

The p;:l>:;. Austral:;!:^ ;c:\-:. 

counterlciling security cievice, a diffraction f^::\::r.^\ i"::i^:e o: v ; ^. f, An;, 

comprises a rcg^jlar matrix of pixels each a>nt:i:n:n;: a cur\-ilinear segnicni c;: oi 
or more of ihc graiin>: 1:mcs. ITiesc pixels wncr, iiiLiniinaicti eacii reiurratc a t\^' 
dimcnsionaJ optical ca:as:rop!;e in:a^:c diff: aci pattern v.her^ :'\ " ■ :::\:: 
diffraction pattern of the ^:ra;in>; is oj^t;caI!> \ ai^ic tn;t strv:c:a:aliy s::-:\v 'V: 
Captain Cook in::;r.c is an applicQ4*c:i of :hc p:eser.: civ.o: "n 
generalised cu:v:i:nea: d;:i'i aci:on gratin^> to ;^:':;c.:! d:f!': ac;;>i;: .ip;;:* < ; ; 

theor>- is outlined m Optica Acta, 19S3. N'ol. 3 ) Nos. .> and 4, .md the ;^ -\;c:it:. 
lo optica] diffractioi^i catastrophes is disclosed i:: Vol. 30, Nt^ -i. -i-i^^ • -Ctw 
essence, ihe Captain Cixik image entails the i:y.;viMtion t^f a n::it:i\ of t!:tt! .'.c::* 
catastrophe p:xeis on a regular diffraciior. g:,:t:r./.. 

By "image dift; act* 3n pattern" in the c ^:ti >t t ih;> s; vc:: :it:. r. > 
tiie optical image ol.vsened by the naked. e\" f. cased* th.e . -.r.::^..: 
ilJununateti by r.n. arl itrarih' extended d.::...r s.r.i.-ce o: fiiv.ie -a;. 
fluorescent luhe. Tr;c. term "diffracting grat::.,: .-.s empUoyed h.? :e::: v 
grating (if either r< Fiective or iransmissive hnvs A patte: n is vU-s. ; h.c':e::-. 
"toptically vaiiat^le" v.tiere it varies accordir./ i.> th.e |v>s:::on » ^ t \ .i: 
is "structurally sMhle* if us l)road form at ;\:v. ,*:^en jMMtior. o! . ^: • ,r : 
n:aterially altcird by sliglu distortioi^s cif t!*.e gratir.g su:::uv 

T\^c r"apt.i:n cook jMXcliaied d:ff:a/t: i-: .iting in:a^*c : ' . 
secure that lite tr.iihnonal metal foil ir.sert ! :^ an i:.-:\'o\e:v.'-::.: i sv.-;.; 



devices such as mulliplc fiim dc\iccs, conventional straighi line graiing and image 
holograms because, in contrast to these devices, i: is able to sustain an acceptable 
level of structural stabilit\' as the notes become heavily crinkled in day-io-day use. 
However, for \^ider commercial application to credit cards and the like, it would 
5 \jc desirable to be able to easily convert a range of recognisable images, indeed 
any selected image, to pixellated diffraction gratings. This has not been disclosed 
to date and is an objective of a first aspect of the present invention, 

Simimnrv' of the Invention 

10 

In its first aspect, the invention essentially entails the concep: of producing: 
an individual corresponding diffraction graiing pixel for successive pixels'of ihc 
optically invariable image, and, in a preferred arrangement, arranging for the 
grating pixels to reflect that observed chroma or colour value of the image pLxeis. 
15 In a second aspect, ihc invention involves the realisation that a reproduction of 
a diffraction grating by reflection contact printing v.iU be flawed by moire or 
Talbot fringe effects, and that the pbcellated diffraction grating can be designed 
to amplify the visual impact of these Talbot fringes to an extent that vers- 
obviously flaws a counterfeit reproduction of the grating. The moire or Talbo: 
20 fringes are a function of the inevitable spacing between the photographic plate 
ai^d the grating, and of variation-; of the local groove spacing across the grating 
plane. 

The invention accordingly provides, in a first aspect, a method of forming 
a diffraction grating which provides an optically variable image, comprising 
25 producing a counterpart pbcellated diffraction grating of a substantially optically 
invariable image wherein each pbccl of said optically invariable image is mapr>ed 
to a respective pbccl of the pbcellated diffraction grating, which grating pwcl is an 
individual optical diffraction grating of the associated pixel in said optically 
invariable image, so that the pixellated diffraction grating when illuminated 
30 generates an optically variable reproduction of said optically invariable image. 
Advantageously, each grating pixel is also a function of the assessed 
chroma or colour value of the associated pixel in said optically invariable image 
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so that the pixellatcd diffraaion grating v.-hcn iliuminaied generates a \nsually 
recognisable but opticaliy variable reproduction of said optically invariable image. 
Still more advantageously, each grating pbcel is such that the pixellated diffraction 
grating is also a structtir ally stable reproduction of said optically invariable image. 
5 By "optical diffraction grating" is meant a grating which when illuminated 

^^ill generate a two dimensional optical image diffraction pattern. 

In its first aspect, the invention extends to a diffraction grating produced 
by said method and furthermore affords a diffraction grating proxiding an 
optically variable image, comprising a pixellated diffraction grating wherein each 
10 pbcei of said image is an individual optical diffraction grating so that the pLxeUatcd 
diffraction grating when illuminated generates an optically variable image. Each 
grating pixel is advantageously a function of chroma or colour value, and is also 
preferably such that the pixellated diffraction grating is also a structurally stable 
image. 

15 In the simplest case of a black and white image, the cnroma or colour 

value may be a gres-ness factor on a scale, e.g. of 1 to 7 or 1 to 16. 

The invention further provides, in its second aspect, a diffraction grating 
formed by a regular matrix of pixels which when illuminated each generate a two- 
dimensional optical image diffraaion pattern, u-herein the grating in some or all 
20 of the pbtels is arranged such that a rcproduaion of said grating by reflectior. 
contact printing generates a zero order pattern which is grossly Hawed by moire 
or Talbot fringe effects, preferably to the extent that the zero order pattern of the 
reproduction is a cross between a negative and a positive of the zero order 
pattern of the original grating. 
25 Expressed in mathematical terms, the rcflcciivc/transmissivc lines of the 

each pixel grating according to the first aspect of the invention are advantageously 
such that they are defined, in • jrms of co-ordinates x, y in the plane of the 
grating, by the equation S(x,y) = kN uherc k is a scaling factor. N is an integer 
and the funaion S(x,y) is given by. 
30 S.^(x,y) = Wi/x,y) ^ ft^,(x,y) ... (1) 

uherc Si^(x,y) is the initial phase function generated by the grating pixel ij when 
illuminated normally by a coUimated monochromatic light wave. 



^\j(^y) a carrier wave of non-zero order, 

C.(x,y) is a function of y which varies rapidly with respect lo x and y and whose 
Hessian is not identically zero, i.e. does not vanish identically: 
(i, b a factor proportional to the assessed chroma or colour intensity of the pue: 
5 ij, and 

i,j are the co-ordinates of the respective pixels. 

The Hessian of Cij(x,y) is a standard complex derivative ex-pressed a^ 
follovk-s: 

6^C.(x,y)/6\- . 6-C.(x,y)/6>- - (6*C,,(x,y V' 6x6y]- 
'^' ^" CT:e embodiment, each grating pLxcl may be an mJividi^a] optica, 
catastrophe diffraction grating of the associated pixel in said cpjicaiis invcL iabiv 
image. T>.is occurs for (1) above when the Hessian is not identically zero-excc:-; 
along certain characteristic lines correstv^nding to the caustics i:; the F-resnei o: 
Fraunhofer diffraction pattern of the grating. 
'5 A particularly effective set of functions suitable to be C.(x,y) arc tho>v 
comprising products or sums of sinusoidal terms, or a combination thereof. !:: 
genera], favoured functions are those which are easily scalable to chroma o: 
colour value, are smooth, and are easily programn^ed. 

For the purposes of the second ;isjx.'ct of the invention, the right s:de o: 
20 equation (1) may include a further summed term Sd(x,y), being a shield function 
of periodicity substantially greater than the pixel dimensions. This shield funct:o:: 
may be a further sum and/or product of sinusoidal terms of greater jX'rioJ.ic::-, 
than C,.(x,y). Alternatively, the second aspect of the invention may be practised 
by the inclusion of different periodicity terms m the sinusoidal components o: 
Cij(x,y). In general the moire or Talbo; fringe effects in a reproduction w.li bv 
amplified by selecting function terms which uiil generate h:ghl> curbed uiuc 
fronts. 

In cithCi" aspect of the invention, the pixels are prcferabU less than Imnv 
in area, most preferably squares. The renective/iransmissivc lines are 
30 advantageously rcncctivc grooves, e.g. square cut grooves, m a metallised surface 
The invention cxtcndLs of course to the combination of the two a<;pects c: 
the invention in the one grating image. 
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Pri^Dcscr ippnn of thr. Draujngs 

The in%'cnuon v^iU be further described, by way of example only, v."iih 
reference to the accompan>ing drawings, in w-hich: 
5 Figures 1 and 2 arc respective photoprints of an original optically 

invariable structurally stable black and \^'hite image, and of the diffraction image 
of a corresponding pixeUated diffraction grating produced in accordance v^ith both 
aspects of the invention, in \*.-hich each pixel is an indi\idual opiical diffracuon 
grating; 

10 Figure 3 is a reproduction of the pLxellaied diffraction granny: by rcucc::c" 

contact printing; 

Figure 4 is a greatly magnified representative pbcei from Figure 2; 
Figure 5A is a further enlargement of the top left hand corner of the pix^l 
of Figure 4; 

15 Figure 5B is an extreme close up of a section of a r\picaJ pLxei; and 

Figure 6 is an enlargement of a central region (10 x 10 ccVs) of Fiju^irc 

Best Modes of Carr\inr Out the I nvcmion 

20 An cxemplar>' embodiment of the first aspect of the invention v.-ill now be 

described: For the purposes of explanation, reference is made to the opiicalK 
invariable structurally stable black and v.-hite image of Figure 1. To produce the 
corresponding pixeUated diffraction grating the image of Figure 1 is first di\*ided 
up into 0.125 mm square pbcels and the chroma or colour value, in this case the 
25 grey level of each pbccl is assessed in turn. This process is rspically carried ou; 
by exposing the image to a video camera coupled to a suitable computer sv-stcm, 
the grey level for each pixel being stored in the computer mcmor>. Using a 
predetermined funaion Sij(x,y), a pixellatcd grating is produced, for example b\ 
clcaion beam lithography as discussed further below. In th:s graiing, c2jh pixel 
30 is an indiNidual optical diffraaion grating of the associated pixel in the origina! 
image and also a funaion of the assessed grey level of that associated pixel of th- 
original image. It will be understood that each pixel of the original image is 



mapped to a respective pixel of the pLxeUatcd grating. 

Figure 2 is the du^fraction image a: a given \'iev.-ing angle gcneratea when 
the pixcUated grating is illuminated. This image consists of 1 66 x 20S pixels, each 
0.125 mm square. The actual grating size is 20.75mm x 26mm and there 14 grey 
levels in the assessment scale. The pattern is a \-isually recognisable but optically 
variable reproduction of the original optically invariable image of Figure 1. 
A suitable pbccl grating function is given by: 

v.. = (-;-2RP,;)2-(ft; )cos(2 nx)cos[ 2 - .'2 R ] 2 

where 2 = m/n is the cell groove index parameter an^ l5 ccuivalcn: ;o the 
pixel phase function S(x,y) described earlier, n is the total number of grooves m 
the pixel ( = 100 in this case) and m = 1 to n. 

is a preset variable which reflecis colour ar.d determines the r.r.c 

density- 

{i., is a pariameter proportional to assessed grey IcvcU 
0 O.S s s 1.2; 

0,004 s Bj. S 0.064; 
0.25 s X s 0.5; 

0. 75 <;y s l.O 

1, j are the co-ordinates of the respective pixels. 

15 This form of grating function embodies both aspccis of the :rAen:ior. Tr.c 

product of twx3 sinusoidal terms of different periodicity is effective to ge:;er.i:c 
gross flaw moire or Taltot fringe in a reflection contact prmtmg rcproduciior. o: 
the grating image. Such a reproduction pixcllatcd grating for Figure 1 generates 
the zero-order image diffraction pattern shown in Figure 3: 1: is v»suaH\ 

30 substantially a cross between a negative and a positive of the image diffrac.ior 
pattern of the original grating and is ver\* obviously flawed to any observer 1 
producing this reproduction, th.e copy plate separation was 10 microns an^* :h 
exposure was equivalent to 5 Talbot fringes. 

A magnincd \iew of an excmplarv' pbccl grating is sho\^-n i:i Figure 4 Th 



is acTually a computer plot of one of the pixel gratings produced from Figrure 1 
and Lhe opacal effect arising from slight discontinuities in the i:r.cs is a p::n:cr 
artefact. The lines are shallow parabolas. The effect cf decreasing gTe> le%e! 
parameter 3 is to spread the lines apart, more at the centre than at the edges, 
thereby increasing the curv*aturc of each parabola. This of course has the effect 
of lightening; the grey level of the pbcel in the grating image diffraction pattern so 
that the overall effect is that the grating image diffraction pattern is a pLxeliatec 
\isually recognisable reproduction of the original im.age. Tnc pLxel cf Figure 4 
is for the lightest of the 14 shades of grey i.e. p,; = O.OC>X and cl = 1,0 :n c.:ua::o" 
(2) above. It v^ill be seen in Figure 4 that each curved grating ;:ne o: groove- :> 
approximated by 4 straight line segmen'^s at different angles and ccnr.cc:ec 
to end. Each straight line segment is in reality a miniature [v>;yi:on :n s;:.':p- 
of a rhombus ^iih a well defmed width as shou-n in the crJargcmen: o: f":cu:c 
5A^ Figure 5B is an extreme close-up of a section of a t\riica] p:\cl shouTnc ih-.- 
butting together of polygon groove segments and variations in ^too\<: 
Figure 6 depicts a small group of 10 x 10 pixels from the cc:^\r:\l rcpcr c: :hc 
grating of Figure 2» sho^;^•ing differences in groove curvature iron: pixel :o tnxci 
for clarirv- only a few grooves have been plotted m each pLxel. 

In general it uill be appreciated that S,j(x,y) may be adjusted to selcc: th- 
brightness and stabilitv' of each pbccl, choose the colour and orientation of each 
pixel, fix the distance and angle at vvhich the diffracted image hn5 n:a\-:m;::v. 
claritx- and finally to choose the light sources that give mxximum. effec: to :r.c 
diffracted portrait image. 

It should be noted that, because the pixels diffract the light over n much 
greater range of solid angles than a conventional graung, the observed e:.erg\ 
dcnsitv' reaching the retina of the c>-c at a particular angle of \iew is m.uch less 
than in the case of the conventional grating. This mear^ that the requirements 
on diffraction efficiencies arc more significant for a gra:ing according t.^ the 
invention than for any other txpe of grating. In particular, if the grating lines are 
groo\-es, the groove depths should be optimised for mxxim.um. ^^:^::^:\\^r 
efficiency-. For a square wave groove profile this generally means that the . v 
depth should be about 40 per cent of the average groove spacing. In the case r 



\'--" ^r'::.'- c: s^;.:"::: ;■. :;,m f-^U*:; ^hci- ."r;''/ '..^-.v.: co"^t:. ""- 



p: ; ^u-S-^.vci:-.' vK-;.; Ti-.- ' :U p:'-;;: c: ihv , p:'..p : v^":^^:^;P> t'-;:: v;^:; 

■ - _ r,uP [so^i^i;:,:: in;,; ji^ vx. ; c^,A>a;:h;^_ 'd^: < . .p" ■ 

' '^-c p.i; ; Lr.c p:Pg;';\:-- -r..; : ;;. >ci v-; :^ : .-^ ; 

; . ■• -.;:.:p..:/:n^ liiC. o^^rc :vcp p.:^;:rrn^ opp;:: ;:p 

; ' ■ A-duj Ap:: iL':c^a> ;c; .t'J^ ii*<. opl;rv.:.>- ; . • .i* v 
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After separating from the glass master this gold coated rackcl master n^.ay 
be bonded to a brass block and used as a cx for ho: pressing of plastic 
replica gratings. In order for uhe plastic leplicas lo retain the opiimiscc 
diffraction efficiencies of the master die the icmperaturc and prcs<;urc 
5 combinations associated v,-ith the hoi embossing process shouJd be such tha: :hc 
replicated groove depths are as close as possible lo the original 0.56 micron 
groove depth of the metal die. 

After metallising ^iih aluminium and plastic coatee for protc 
plastic replicas may be adhesively attached to c-irrcnr^ notr^ or crc.i.: c.ir.o 
10 The representation ct the picture information by a n:.::rix o: cp;:cA:;;, 

variable pbcels endovvb this t>7>e of diffraction frat-np w-th <'cvc:v.. ;:n:.:^c 
properties v.-hich the image holograms, now cmplo>e;.i as anti-co-ntenc:;.np Lr/cN 
on credit cards, do not possess beca'^^c of the restr;c:!ons on line sharn: inhercr.: 
in the hologram fabrication process. 
15 Accordmg to the present invention, i: :< :v\<<::\e to proouce o::r:rac::or. 

gratings which generate realistic tc-\t and {v^r:ra:t irnar.es o: ne.^r pho:oc:aph.:c 
qualit>\ The images may be both sharply defined and opticaliy variable under 
most lighting conditions including very diffuse sources. This :s :n contr.-vst to the 
case of the holograms v.hich produce vcr^ fu/jr> images and lose the;: optica! 
20 variabilic>' under overcast lighting conditions. The kincgram opticaily var:a\^!e 
device used on the Austrian 5.000 schilling; banknote rctair.s a hu:h degree c: 
optically variability under diffuse lighting conditions, but only produces schen:at;c 
typ>cs of images. 

The optical variability of the invention is also easily defined: the in:a*:e 
25 simply changes from positive to negative as the angle of observation chaniies 
The images generated by the invention also exhibit a high degree str\;ctura: 
stability- \^ith respect to bending undulations of the grating surface Thc> are 
therefore imtablc seciuit>' de\iccs foi currency notes and share cert.ficatcs etc 
V^Ticn a grating according to the preferred em\.xxiimcnt is observed d;: ectly ur.de: 
30 an extended *ourcc luch as a fluorescent tube the intensities of the pixels vaiV'^ig 
smoothly^ith changing angle of vir**. Hie pixels maybe said to possess a degree 
of strucniral stability because any pcnurbation of the initial wavefror.t dv:e t > 



- 10 - 

crinkling of the grating surface in the vicinity of the pixel will only cause a change 
of intensity in the pixel. This is in contrast lo conventional generalised gratings 
or image holograms where the local line pattern in areas equivalent to the size 
of a pixel is rectUinear and therefore any local crinkling perturbation will cause 
5 the observed image point to "switch off completely. Conventional generalised 
gratings or image holograms are therefore highly structurally unstable since for 
a given wavelength small areas of the grating diffract narrow pencil-like beams 
which arc much more sensitive to perturbations than the expanding beams 
produced by the pixels of a grating. 
10 Preferred gratings of the t>pc described here arc designed, in accordance 

v.ilh the second aspect of the invention, to be resistant to cop>ing by the well 
known method of renection contact printing. The zero order {>ortrau image of 
the copy grating becomes covered in a mass of dark spoiler bands thereby making 
the zero order portrait image unrecognisable. In contract, holograms and 
15 kinegrams are easily counterfeited by this method. 

An additional related feature of the invention is the ability to selectively 
vary ihe groove depth of the pixels by varying the electron beam current durin): 
the grating fabrication process in such a way as to cause a visible text or graphic 
image to appear in the zero diffraction order. This additional static image docs 
20 not appear with any clarity on a reflection contact print counterfeit of the grating 
and is therefore an added security feature. 

Finally, these diffraction gratings arc binar>' phase devices and arc 
therefore easily mass produced by the same embossing method used for 
holograms. 

25 An alternative approach to the second aspect of the invention is to use a 

C^.(x,y) with sinusoidal terms of similar jxzriodicity and to impose a summed shield 
funaion Sd(x,y) of longer periodicity extending over several pixels. Tor example, 
a suitable function would be 

Sd(x,y) = -7 + P (Cos 2nOx Cos 2nOy - 2/3(Cos 2nOx + Cos 2nQy)] 
30 where - and p arc parameters as al)Ovc and O is a further |>crioilicity 

parameter. 
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1. A method of forming a diffraction grating) which pro\idcs an optically 
variable image, comprising producing a counicrpari pLxcIIatcd diffrncnon granng 

5 of a substantially optically invariable image wherein each pixel of said optically 
invariable image is mapped to a respective pixel of the pixellatcd diffraction 
prating, which grating pixel is an indi\idual optical diffraction grating of the 
associa:cd pixel in said optically invariable image, so that the pixellatcd ciiffractior. 
prating when illuminated generates an optically variable r-p: n^iuciior. s:i:v1 

lO optically invariable image. 

2. A n^cthod according to clam; 1 uherein each yj.iirAf: pixel is also 
function of the associated chrom;i or colour value of the iLSsociatcd pixel in saici 
optically invariable image so that the diffraction grating when illuminate.! 

l.S generates a N-isually recognisable ini: optically variabl'.: rcpr<.>tluction n: siuc. 
optically invarial>lc image. 

3. A method according to claim 1 or 2 wherein cac!^. gratinr jv.xel is such th.at 
the pixellatcd diffraction grating is ;ils() a structurally stable rcpi oductiop. sa:.' 

20 op>tically invariable image. 

4. A method according to claim I. 2 or 3 whcrcm each. gr;uing jiixel is an 
Kv.iiv:du:il <;ptical catastrophe diffraction grating of the associateti pixel \v. sai.i 
optically invariable image. 

25 

.*> A inethtKl according to any pi cc<- 'mg ciaim whci cin sai^l clut)niaur *. oi'U;; 

*. .i:;^'; is a j'reyness factor. 

^ A [v.eihoil according ti) claim 5 wherein sau! iwr.- tMU ut the a;.srrss'.N', 
30 ^'leyr.ess factor is such that llie resix:ciivc iliffraciing ^-ratin/, each giaiir.g p;\c; 
•.^ t:v.;.r:srs a |)luraliiy of cuiAcd reflective (*r lransmiss:\e lir.cs uhose ^uiNata^c I-. 
:r.'.r:\r\', |>M^;virtional lo the greyn^-ss factor. 
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7. A method according lo any preceding claim wherein each individual optical 
diffraction grating comprises rencctivc or iraasmissive lines defined, in terms of 
co-ordinates y in the plane of the grating, by the equation S(x,y) = Kn where 
k is a scaling factor, N is an integer and the function S(x,y) is given by: 
5 S.iCx,y) = Wi^(x,y) + ^^^^(x^y) .-(0 

v.-here Sij(x,y) is the initial phase function generated by the grating pixel ij when 
illuminated normally by a collimated monochromatic light wave, 
\Vj.(x,y) is a carrier wave of non-zero order, 

Ci;(x,y) is a function of x, y v.-hich varies rapidly v.ith respect to x and y and whose 
10 Hessian is not identically zero , i.e. docs no: vanish identically; 

is a factor proportional to the assessed chroma or colour value; and 
i,j are the cp-ordinntcs of the respective pixels. 

8. A method according to cl?.im 7 wherein the function C,. (x,y) is selected 
15 from the set of functions cc^mprismf, products or -urns of sinusoidal terms, or a 

combination thereof. 

9. A method accordmg to any preceding claim wherein the grating in some 
or all of the pixels is arranged such that a reproduction of said pLxellated 

20 diffraction grating by rcncciion contact printing generates t zero order paitein 
v^tiich is grossly flawed by moire or Talbot fringe effects. 

10. A method according to claim 9 wherein said nav.-:ng is to the cxieni that 
the zero order pattern of the reproduction is a cross between a negative and a 

25 positive of the zero order pattern of the original grating. 

11. A method according to claim 9 or 10 and claim B wherein the sinusoidal 
components of Q-(x,y) include terms of different periodicity whereby to generate 
hig!Jy curved wave fronts. 



30 



12. A method according to claim 9 or 10 and claim 7 u-hercin the right side 
of equation (1) includes a further summed term, being a shield function of 
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perio<- t>' substanuaUy greater than the pixel dimensions. 

13. A method according to claim 12 >^1.crcin said shield funcion is sum 
and/or product of sinusoidal tcmis of greater periodicity than Q,(.v,y). 

5 

14. A method according to any preceding claim wherein the grating pixels arc 
squares less than Imm^ in area. 

15. A method according to any preceding claim wherein the pi.xclhitcJ. 
10 diffraction grating is produced hy forming rcncciivc grooves, e.g. sciuarc cu: 

grooves, in a metallised surface. 

16. A method according to any prcccdmg cUum wherein ^aid p:.xcil;sifd 
diffracting grating comprises a master grating formed by electro:-, hea.-.-. 

1 5 lithography. 

17. A diffraction grating providing an opDcally v:u-iablc image. com}Mising 
pixellatcd diffraction grating wherein each pLxel of said grating is an nu'.:vK:u;i: 
optical diffraaion grating so ihai the pixellatcd diffraction grating when 

20 illuir.inated generates an optically variable image. 

18. A diffraction grating according to claim 17 wherein each grating pi.xe! is 
also a function of chroma or colour value. 

25 19. A diffraction grating according to claim 17 or 18 wherein each grating pixel 
is such that the pixellatcd diffraction grating is also a structurally stable image. 

20. A diffraction grating according to claim 17. 18 or 19 wherein each grating 
pixel is an individual optical catastrophe diffraction grating. 

30 

21. A diffraction grating according to any one of claims 17 to 20 wherein said 
chroma or colour value is a grcyncss fa( tor. 



22. A diffraaiop. pratmc nco3:c!ing lo claiir. ?-l wherein said function ol 
av^osscd pc>nc^ fact.v i> smcM ihai thr: .c>y<ci\vc (iiffracting ^:ra:m>: of 
prarinp pixel compiiscs a rlu:;.litv of curved rcncctive or ir ansmissivc lines wh 
cu:A-a;ure is inversely proi^^rtional m the peyne^s factor. 



23. ^ diffraction rratmp according: to arv one of claims 1 7 to 22 wherein 
ipdA-idua; optical (iiifract:on p:u:ng con;prises reflective (^i tran-n^ i^s: ve hn- 
defined, i:^ ten^-iS of co-orv::naU'S \, y m :he p]:inc the p at mi:. h% ;ne e.n:.r 
S^x,^) ^ kN whe:^ k :v :i sc.ihn,: Uw\o: . N :^ an intern: ;nnl !he f:inc-:-n: S: • 
\v p:ven by: 

S.^(x,y) ^ \\', (x.y) - r\C.;>:,v) ■ < * ) 

ulcere S./xam is the initia: pii:i>e func::.n\ rvperalcd by the i;ra:inc p:^^•. ; '\ 
iliuminatcd nom-ially hy coliimatei^ :nnno.'hroniatic li^'ht wave. 
\\v.( x,y) is a carrier wave o: non-zero ortier. 
15 C(x,y) IS a function of x, y which vanes : ::n;^:^ wnh ies;x-c: to \ ;nn- ^ .:n;! - 
licssian is not ideniicaliy rero i.e. dcx*.^ nt-: v.nnsn Kienticitliw 
pr; IS a factor pro}V)rtional to d:e iLSsessed chnuna o: colon: va:ue. an^l 
i,j aj-c the c^:)-ordi nates of the ies;K-ctive pixels. 

20 24. A durraciion grating according; to ciann 23 whctcin the \i^:w\\o:\ c ^ • yy, > 
is sciccicd from ihc set of functions corniviMng products or sinns o: >ni^,:^0'<\.u 
tcmis. or a combination liicrcof. 

25. A diffraction jp-ating according: to ar.y one of ch\ims 17 to uheiem Mie 
2'^ crating m some or al) of the [mxcIs is aiian^xvi such that a rcprvvln.uon of N^i.; 
pixcHated diffractioi^ grating; by rcUectior. coiuact piinting >:eneia:e> .t /e;^' '- -,•-<•: 
pattern wh.ich. is i'ross!\ Ha^eti by ir.one o: ralb(M frinj^e ellects 



2(i. A diffraction grat-ng accorvhi^^; ;« ^ . i.iiin 25 wheicm sa.^! ::a-A;n,: ; 
Ivj extent ih.at th.c zero oivler pattern o! tne r epi odiu'tu: :^ is '.'e: 
negative and a |vjsitivc of the /rio o:d.e: n.iMcrn of ttu; oMg::.:-.. /.:.n.::/. 
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27. A diffraction grating according lo claim 25 or 26 and claim 2^ wherein the 
sir.u5oidal componenLs of C.^Cx^y) include tcm.s of different periodicity whereby 
to generate highly ciir^-ed wave fronts. 

28. A diffraction grating according to claim 25 or 26 and claim 23 wherein the 
nght side of equation (1) includes a further s^^mmcd term, being a shield function 
of y^criodlcity substantially greater than the pixel dimensions. 

20. A diffraction grating according to any one of claims i7 to 2S wherein the 
praving pixels are squares less than Im:"/.* m area. 

30 A diffraction grating according t(? any one of claims 17 to 2^^ wherein saui 
iVAeliated gating comprises reflective o: transmissive lines of a depih whi-c:: var io 
so as to caiL^e a static \isible texr or ^rraphic image to apjxrar in the rerc^ 
diffractior. order. 

■ 31. A diffraction grating formed b^ a regular mairix o: pixels ^v.hlc:: %^h-- 
illuminated each generate a iwo-dimenMonal oi>tical in:age diffraction pattern, 
wherein the grating in some or all of the pixels is arranged such that :i 
1 reproduction of said grating by rcneciion contact printing generates a zero-order 
pattern which is grossly flawed by moirc or Talbot fringe effecLs. 

32. A diffraction grating according to claim 31 wherein said Hawing is to the 
extent that the zero order pattern of the reproduction is a cross betweer-. 
5 negative and a positive of the zero order pattern of the ori^:inal paling. 

33. A (iiflraction grating when prCKiuceil by the methn<l o! any one of c'.airr.s 
1 to 1(> 

< ninii;.MPAr.tlth S.K-iHitu and Industii.d KcscaKh ( )i r-^HUs.tl u .n 
in I it rlMliv i\iu-nl Aih'itu *. ^ 

I'.iirti! \nuiiu-\stnriiu-Appltc.ini ^'•*> 



iV;K-u-n paiinc in nO-.I; . ■ h rixoi is an u^^^^^^du^\ v.ptical dillra^ii.Mi ^ralini: so iha- 
,hc piNolhr.c.i .iiffraciion cra'.ing v.l.o:^. ilhiniina'.oa uencratos an optically variable image. 
1:-, another aspect the cratinp in son^.e or a!! of the pixels of a dilTractine craiina formed 
••A re-.n!a: matriv. of pixels iv ...nanpeJ, such that a reproduction of tlte -jra-ii;;.: by 
• c-.lect-.cr. con.tacl pvintin;^ .jenerate^ a /err-order pattern wh.ich is grossly tlawcd by M^irc 
i ;'.!!■. ::ip.c.c effect.^ A metliod of t.-rsvunj. the diffraction eratine includes produc:r:C 
a c.'uitterp,;:- rixeliated diflVaction i:ra!in.: o!" a substantialiy optically invariable iiraiie 
u!vcrei:t eacli pixel of the omica!l> it-A aria.bie inuh;o is mapped to a respective pixel o- 
til- pixe!ia;ed diffraciion .:vaun.: l ack .:r.--nu pixel is an ,ndividiuii optical diflYactic. 
craiitt;.: iO liv/ ;issociateJ: pixel i-. tlic .«pf.ca.il> invariable nnauie. so that the pixeiiatcv 
difiVacne:^ .natm.: when !lU;nnna;ed .vner:ne< an optiealh v ariable reproduction .o' -h, 
I'Ptica.H'- i:r. aa iable ini.'.L'.c 
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